Since 2014, average premiums for health plans available in the Affordable Care Act marketplaces have increased. We examine how premium price changes affected the amount consumers pay after subsidies for the lowest-cost bronze and silver plans available by age in the federally facilitated exchanges. Between 2015 and 2016, benchmark plan premiums increased in 83.3% of counties. Overall, rising benchmark premiums were associated with lower average after-subsidy premiums for the lowest-cost bronze and silver plans for older subsidy-eligible adults, but with higher after-subsidy premiums for younger adults purchasing the same plans, regardless of income. With recent discussions to replace or overhaul the Affordable Care Act, it is critical that we learn from the successes and failures of the current policy. Our findings suggest that the subsidy design, which makes rising premiums costlier for younger adults looking to purchase an entry-level plan, may be contributing to adverse selection and instability in the marketplace.
Introduction
Starting in 2014, the Patient Protection and Affordable Care Act (ACA) established marketplaces where consumers could easily compare and purchase health insurance plans. To increase the affordability of premiums, subsidies are available to individuals as advance tax credits based on their income and the benchmark plan premium (i.e., the silver plan with the second-lowest premium in their area). The ultimate goal of the policy is to ensure access to affordable quality care for all, with a particular emphasis on preventive care (U.S. Department of Health & Human Services, 2016) . Since the ACA aims to give more Americans access to affordable, quality health insurance, it is crucial to understand how changes in unsubsidized premiums affect how much consumers actually pay for entry-level plans after subsidies. We focused our analysis on the lowest-cost bronze plan because individuals without access to an affordable bronze plan are exempt from the mandate under ACA, and consumers generally overemphasize premiums when choosing an insurance plan, making the lowest-cost bronze plan the most appealing entry-level plan for many adults (Abaluck & Gruber, 2011; Spranca et al., 2000) . In addition, we also examined the lowest-cost silver plan, which had the highest enrollment of any plan in the marketplace (Hodges, 2016) . Overall, 23% of marketplace enrollees chose bronze plans in 2016 and 20% chose the lowest-cost silver plan (Hodges, 2016 ; Office of the Assistant Secretary for Planning and Evaluation, 2016).
New Contribution
It has been widely reported that insurance rates for benchmark plans available in the federally facilitated marketplaces increased by an average of 22% in 2017. Many articles have also noted that when premiums increase, so do subsidies (Gabel et al., 2017; J. Hsu, Overhage, Price, Fung, & Newhouse, 2016) . How changes in premiums affect consumers of various ages, however, is still somewhat unclear and vitally important, since attracting sufficient numbers of younger, healthier individuals is crucial to achieving a balanced risk pool and curtailing continued premium growth. In a previous analysis, we showed that younger individuals with lower income often pay as much or more than older individuals for bronze plans (Graetz, Kaplan, Kaplan, Bailey, & Waters, 2014) . In this article, we examine how market trends in premium prices affect the after-subsidy premium for the lowest-cost bronze and silver plans offered in the federal marketplaces between 2015 and 2016 for older and younger adults by income.
Method

Marketplace Overview
Marketplace plans are categorized into four metal levels (bronze, silver, gold, and platinum) based on the percentage of health care costs that the plan expects to pay for the average enrollee. Bronze plans have the lowest premiums, but the highest out-ofpocket cost-sharing amounts. Households with incomes between 100% and 400% of the federal poverty level (FPL) qualify for premium subsidies. Premium subsidies are calculated so that the benchmark plan can be purchased using a fixed percentage of income. Therefore, if benchmark premiums increase, the subsidy amounts that eligible individuals can receive will also increase. A subsidy can be used to purchase any marketplace plan. In addition to premium subsidies, households with incomes between 100% and 250% FPL are eligible to receive additional cost-sharing subsidies if they enroll in a silver plan.
We focused our analysis on the lowest-cost bronze and silver plans for several reasons. First, individuals without access to an affordable bronze plan are exempt from the mandate under the ACA. Second, since bronze plans are the least expensive plans, marginal marketplace participants are likely trying to decide between purchasing a bronze plan or paying the penalty for not having coverage. Third, silver plans have the highest enrollment in the marketplace overall, and the lowest-cost silver plan had the highest enrollment of any plan, across all metal levels (Hodges, 2016;  Office of the Assistant Secretary for Planning and Evaluation, 2016) . One reason for this may be the cost-sharing subsidies that are only available for silver plans. Finally, in case the lowest-cost bronze plan was an outlier with respect to other bronze plans, we included a sensitivity analysis using the second lowest-cost bronze plan in the county (see Appendix A).
Data
We obtained plan premium data for nontobacco users for all plans across all U.S. counties in states participating in the federally facilitated marketplaces (34 states) in (Centers for Medicare & Medicaid Services, 2015 .
Analyses
To determine the after-subsidy premium amount that individuals would pay for a bronze or silver plan, we subtracted the subsidy amount from the relevant plan premium for various ages and income levels. Methods used to calculate subsidies and after-subsidy premiums are explained in detail in our previous article (Graetz et al., 2014) . Theoretically, the after-subsidy premium for the lowest-cost bronze and silver plan could move in the same or a different direction as the benchmark premium, since subsidies change according to the benchmark premium. To examine this relationship, we used quantile regression to measure the median percent change in the after-subsidy premium associated with a 10% increase in the benchmark plan premium for both the lowest-cost bronze and silver plans between 2015 and 2016. To examine how benchmark premium changes affected consumers differently based on income level and age, separate quantile regressions were estimated for adults for each age between 21 and 64 who were either subsidy-eligible (300% FPL) or not subsidy-eligible (>400% FPL). Results from the quantile regression models for each age are shown as a graph in Figure 1 . All data analyses were conducted using Stata software, Version 14.2 (StataCorp LLC, College Station, TX). Table 1 shows the average premium and deductible amounts for a 27-year-old and 60-year-old nontobacco user in 2015, and the average change between 2015 and 2016. Overall, premiums for the lowest-cost bronze plan increased by 15.8% and benchmark plan premiums increased by 11.5%. Between 2015 and 2016, benchmark plan premiums increased in 83.3% of counties. Among these counties, almost all (99.6%) also had an increase in the lowest-cost bronze plan premium. For enrollees who received subsidies in 2015, the subsidy increase was the same as the change in the benchmark premiums. However, many younger subsidy-eligible adults did not receive subsidies because the benchmark plan premium fell below the subsidy cap. In these counties, only 7.3% of 27-year-olds with a household income of 300% FPL actually received a subsidy in 2015, while 100% of 60-year-olds with the same income received a subsidy. Thus, for subsidy-eligible individuals, the average subsidy change for a 27-year-old was $9.45, much less than the $35.90 increase in the benchmark premium. For 60-yearolds the average benchmark premium and subsidy increased by the same amount, $92.53. Premiums for the lowest-cost bronze plan, before subsidies, increased by $33.68 and $86.89 for a 27-year-old and 60-year-old, respectively. Consequently, a subsidy-eligible 27-year-old faced an average increase of $24.23 in the after-subsidy Figure 1 . Percent change in after-subsidy premium for the lowest-cost bronze and silver plans associated with a 10% increase in benchmark plan premium: With subsidy (300% FPL) versus no subsidy (>400% FPL) for individuals aged 21 to 64 years old.
Results
Note. The dashed line represents percent change for individuals with incomes above 400% FPL (i.e., not subsidy-eligible), and circles represent the associated change and 95% confidence intervals for individuals with incomes at 300% FPL. FPL is the federal poverty level. In 2016, 300% FPL was $35,310 for an individual and $72,750 for a family of four; 400% FPL was $47,080 for an individual and $97,000 for a family of four. We used a linear model to measure the percent change in the after-subsidy premium for the lowest-cost bronze and silver plans associated with a 10% increase in benchmark plan premiums between 2015 and 2016. The figure shows the results from 43 models for each age from 21 to 64.
premium of the lowest-cost bronze plan, while a subsidy-eligible 60-year-old faced an average decrease of $5.64 for the same plan.
In the 16.7% of counties where the benchmark premiums decreased, monthly subsidies decreased by an average of $1.41 and $44.31 for individuals aged 27 and 60 years, respectively. Among these counties, the lowest-cost bronze plan premium decreased in fewer than half of counties (37.5%), and the average monthly premium actually increased by $3.35 and $8.68 for individuals aged 27 and 60 years, respectively. Thus, subsidy-eligible individuals who purchased lowest-cost bronze plans in counties where benchmark premiums decreased faced an average increase in their monthly after-subsidy premium of $4.76 and $52.98 for ages 27 and 60, respectively. Similar patterns were observed for individuals who enrolled in the second lowest-cost bronze plan (shown in Appendix Table A1 ) and lowest-cost silver plan (Table 1) . In addition to premiums, medical deductible amounts, which represent a large share of beneficiaries' cost-sharing, also faced average increases. The lowest-cost bronze plan had the highest average deductible in 2015 compared to other plans, approximately $5,844, and this amount increased by 3.6% in 2016. With the exception of the lowest-cost bronze plan, counties that had decreases in the benchmark plan premium had much higher increases in the deductible amounts between 2015 and 2016 (Table 1) . Figure 1 shows the median percent change in the after-subsidy premium for the lowest-cost bronze and silver plan associated with a 10% increase in the benchmark plan premium for ages 21 to 64 years. In the figure, the dashed line represents after-subsidy changes for individuals who were not subsidy-eligible, with incomes at or above 400% FPL, and the circles represent changes for those who were subsidy-eligible, with incomes at 300% FPL. For individuals not eligible for subsidies, increases in the benchmark premium were always associated with increases in the median bronze and silver premiums. For subsidy-eligible individuals, the patterns were similar at both metal levels, where a 10% increase in the benchmark premium was associated with a median increase in the after-subsidy premium for younger enrollees, but a decrease in the after-subsidy premium for older enrollees. For example, for individuals not receiving subsidies (≥400% FPL), a 10% increase in the monthly benchmark premium was associated with a 7.2% (95% confidence interval [CI] : [7.0, 7.4] ) and 9.6% (95% CI: [9.5, 9.8]) increase in the lowest-cost bronze and silver plan premiums for all adults (ages 21 to 64). The same 10% increase for a subsidy-eligible consumer was associated with a median increase of 3.9% (95% CI: [3.6, 4.3]) and 7.0% (95% CI: [6.7, 7 .2]) in the after-subsidy premium of the lowest-cost bronze and silver plan for a 27-year-old, but a decrease of 19.2% (95% CI: [−20.1, −18 .2]) and 2.2% (95% CI: [−2.5, −1.9]) in the after-subsidy premiums for a 60-year-old.
Discussion
Our analysis demonstrates that consumers were affected differently by premium changes depending on their age and income level. For older consumers receiving subsidies, rising benchmark premiums were associated with lower after-subsidy premiums for the lowest-cost bronze and silver plans. This was because, on average, the subsidy amount that they received increased by a greater amount than the increase in the lowest-cost bronze and silver plan premium. However, younger subsidy-eligible consumers experienced higher average after-subsidy premiums for these same plans, despite the fact that subsidies increased along with benchmark premiums. In the 17% of counties with falling benchmark premiums, average premiums for the lowest-cost bronze plan increased. As a result, subsidy-eligible individuals purchasing a bronze plan in these counties faced higher after-subsidy premiums.
Due to complex subsidy calculations, increases in benchmark premiums will lead to decreases in after-subsidy premium costs if the increase in the premium for the benchmark plan is larger than the increase in the premium of the plan that is purchased. If on average all plans have the same percentage increase from year to year, this would mean that the average subsidy increase (amount) would be greater than the increase in premiums for any plan that is cheaper than the benchmark plan. Thus, increasing premiums could benefit consumers who receive a subsidy and choose any plan that is cheaper than the benchmark, including the lowest-cost silver plan or any bronze plan. Because benchmark premiums for younger consumers are often lower than the subsidy cap, many young adults with subsidy-eligible incomes (100% to 400% FPL) do not receive any monthly premium subsidy (Graetz et al., 2014) . Thus, when premiums go up for subsidy-eligible young adults whose premiums fall below the cap, unlike their older counterparts, they do not always benefit from higher subsidies.
According to the Department of Health and Human Services, more than 87% of individuals who enrolled in a 2015 plan through the federal health insurance marketplace qualified for a federal premium subsidy (Office of the Assistant Secretary for Planning and Evaluation, 2015) . A recent analysis of ACA coverage effects found that premium subsidies were responsible for 40% of the gains in coverage, suggesting that after-subsidy costs are an important driver of enrollment (Frean, Gruber, & Sommers, 2016) . Thus, the majority of older individuals who enrolled in a bronze plan or the lowest-cost silver plan in 2016 were better off in counties where benchmark plan premium prices increased. Conversely, younger adults who enrolled in the same plans faced higher average after-subsidy premium costs, regardless of changes in the benchmark premium or their income. Consumers of all ages not receiving subsidies were worse off in counties where benchmark premiums increased. Finally, although some individuals actually benefitted from increasing premiums, taxpayers did not-increasing benchmark plan premiums result in higher subsidy amounts and, thus, in higher federal costs. This in an important point, as the long-term sustainability of the marketplaces depends not only on the affordability of insurance for individual consumers but also the affordability of the program for the government (Hsu, 2016) .
Our findings suggest that the current construction of subsidies may be fueling an adverse selection process (Cutler & Zeckhauser, 2000) that is destabilizing the ACA marketplaces. To achieve a balanced risk pool and curtail continued premium growth, the ACA marketplaces need to attract sufficient numbers of younger, healthier individuals. With each successive annual round of premium increases, after-subsidy premium prices will attract older members and drive out younger persons, leading to additional premium increases. Without a significant change in the subsidy structure, this "un-virtuous" spiral will continue.
For example, subsidies are currently designed so that a 27-year-old and a 60-year-old earning 300% FPL are expected to pay up to 9.5% of their income to purchase a benchmark plan. While this amount may be reasonable for older or sicker individuals who expect to have relatively high use of health care services, it may be too costly for younger healthier adults, who foresee low need for health care, and may be mostly driven by the desire to avoid penalties. Our previous finding, which showed that subsidies distort the age curve by making it more expensive for younger, lower income consumers to purchase entry-level plans relative to older consumers (Graetz et al., 2014) , combined with our current finding that rising premiums are more costly for younger adults, raises serious concerns over the design of premium subsidies and the long-term sustainability of the ACA marketplaces.
Our analyses of the current premium subsidy design can inform ongoing discussions on how to improve the affordability of health insurance plans via the use of premium subsidies. Specifically, to maintain a more balanced risk-pool, the premium subsidy design should lower costs for younger, healthier, subsidy-eligible individuals who typically have lower demand for health care services relative to older adults. Possible ways to encourage greater enrollment among younger, healthier adults in marketplace plans include making the premium subsidy amount tied to the lowest-cost bronze plan instead of the second lowest-cost silver plan or adjusting subsidy amounts by age to deliberately make it cheaper for younger adults to enroll.
Our study has a few limitations. First, we focused our primary analysis on the lowest-cost bronze and silver plan. However, we conducted additional sensitivity analyses using the second lowest-cost bronze plan and found similar results (see Appendix A). Overall, we expect these trends to be similar for consumers choosing any plan that is cheaper than the benchmark plan. Second, our analysis focuses exclusively on premium costs and medical deductibles, and does not include other types of cost-sharing. However, since marketplace plans are categorized by the expected percentage of costs covered by the plan, while the cost-sharing structure may change, we do not expect the overall cost-sharing amounts to change significantly from year to year. Third, because we did not have complete premium data for the state-facilitated marketplaces, we were unable include them in our analysis.
In conclusion, we found that rising premiums in the marketplaces affected consumers differently depending on their age and their income. Rising premiums are costlier for younger adults, who faced average higher after-subsidy premium costs regardless of their income, while older subsidy-eligible adults actually benefit from rising premiums. As a result, this feature of the subsidy design may be contributing to adverse selection and instability in the marketplaces. Given current efforts to repeal or repair the ACA, it is critical that we learn from the successes and failures of the ACA in order to inform future policies. Our findings suggest that policies aimed at curbing premium increases and encouraging health insurance enrollment through subsidies should be devised in a way that curtails adverse selection, not encourages it. Figure A1 presents a scatterplot of the 2015-2016 change in benchmark premiums versus the change in after-subsidy premiums for the lowest-cost bronze plan for individuals who were subsidy-eligible (300% FPL) and not subsidy-eligible (>400% FPL); results for a 60-year-old and a 27-year-old are shown. As the benchmark premiums increased, the average after-subsidy cost of the lowest-cost bronze plan increased for all adults not receiving subsidies and for younger adults receiving subsidies, but it actually decreased for subsidy-eligible 60-year-olds.
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